. The UTEVA resin (1.0 ml for each column) was cleaned with 0.05 N HCl and MQ2 water, then conditioned with 3 N HNO 3 . Samples were dissolved in 3 N HNO 3 , then loaded on to the UTEVA resin. 3 N HNO 3 was used to remove most matrix elements from the column, leaving a fraction of Th and U in the column. After removal of matrix material, 10 N HCl and 5 N HCl were used to remove Th from the column, then U was eluted with 0.05 N HCl. The U fraction was dried at the temperature of 98 and re-dissolved with 1 ml 5% HNO 3 for analysis.
DR1. Sample digestion and U isotope analyses
Approximately 250 mg of individual carbonate samples were drilled into 200 mesh powder, then leached with 1 M hydrochloric acid (HCl). The leachate was used to analyze major and trace elements and U isotopes. Major and trace elements were measured on a Thermo
Scientific Finnigan Element XR ICP-MS at the Yale Metal Geochemistry Center (YMGC).
External reproducibility was better than 5% based on long-term analyses of the OSIL seawater standard. U isotopes (δ 238 U) were measured on a Thermo Scientific Finnigan Neptune plus MC-ICP-MS at YMGC, using a UTEVA resin method for purifying uranium and a U ratio of ~30, was dried at 98 , then re-dissolved with 3 N HNO 3 . Uranium in the sample was separated with the UTEVA ion exchange resin (based on Weyer et al., 2008) . The UTEVA resin (1.0 ml for each column) was cleaned with 0.05 N HCl and MQ2 water, then conditioned with 3 N HNO 3 . Samples were dissolved in 3 N HNO 3 , then loaded on to the UTEVA resin. 3 N HNO 3 was used to remove most matrix elements from the column, leaving a fraction of Th and U in the column. After removal of matrix material, 10 N HCl and 5 N HCl were used to remove Th from the column, then U was eluted with 0.05 N HCl. The U fraction was dried at the temperature of 98 and re-dissolved with 1 ml 5% HNO 3 for analysis. , respectively (Cheng et al., 2013; Villa et al., 2016) . Measurement uncertainty for each sample is better than 0.04‰ (2SE) and external reproducibility of U isotope analyses was, on average, 0.06‰ (2SD) based on duplicate measurements of the NOD-A-1 USGS standard (n= 10) and CRM 112 U isotope standard (n = 50).
DR2. Ce anomaly calculation
Ce anomaly is calculated using equation Ce/Ce* = Ce N / (Pr N 2 / Nd N ) of Lawrence et al. (2006) to avoid the effect of La overabundance that may disguise the genuine Ce anomaly , where lower subscript N denotes normalization of concentrations against the postArchean Australian shale (PAAS; McLennan, 1989) .
DR3. Geological background

Yangtze Gorges region
The Ediacaran and the early Cambrian successions in this region consist of the Doushantuo Formation, Dengying Formation (the Gaojiaxi section in this study) and Yanjiahe Formation (the Yanjiahe section in this study), which records sedimentary deposition in shallow water below or near wave base in a continental inner shelf. According to lithostratigraphic criteria, the Doushantuo Formation in the Yangtze Gorges area can be subdivided into four members (e.g., Jiang et al., 2011) . Doushantuo Member I comprises a ca. 5-m-thick cap dolostone overlying the Marinoan glacial diamictite of the Nantuo Formation. The bottom part of the cap dolostone contains a volcanic ash layer that has been dated at 635.2 ± 0.6 Ma with zircon U-Pb methods (Condon et al., 2005) . Doushantuo Member II is ca. 70 m thick and comprises interbedded organic-rich shale and dolostone beds with abundant pea-sized cherty nodules which contain complex microfossils including acanthomorphic acritarchs, probable animal eggs, embryos, multicellular algae, and cyanobacteria (e.g., Yin et al., 2007; McFadden et al., 2008) . Doushantuo Member III is a ca. 50-m-thick interval comprised of dolostones intercalated with cherty layers in the lower part and interbedded with limestone beds in the upper part. Doushantuo Member IV is characterized by a 10-m-thick organic-rich black shale interval used as marker beds for stratigraphic correlation (e.g., Jiang et al., 2011) . (Jiang et al., 2012) . The Ediacaran-Cambrian boundary is suggested to be at the bottom of the lower dolostone layer where the small shelly fossil assemblage zone I first occurs (Chen, 1984) .
The Yanjiahe Formation is overlain by Shuijingtuo Formation with stratigraphic discontinuity between the two formations. The Shuijingtuo Formation can be correlated with the Niutitang Formation or Jiumenchong Formation in slope and basin area, South China, which is considered the base of Cambrian Stage 3 (Jiang et al., 2012) .
Xiaotan section
The Xiaotan section is located on the southern bank of the Jinsha River, NE Yunnan Province, which represents an inter shelf sedimentary environment 
DR4. Uranium mass balance model
Under the steady-state of global uranium mass balance, δ In modern suboxic settings, the U isotope fractionation associated with suboxic sinks is less well constrained. The +0.1‰ fractionation for suboxic sinks used in this study is based on a few measurements of Peru margin sediments (Weyer et al., 2008) . In modern anoxic settings, the U isotope fractionation for anoxic sinks are relatively large and range from +0.4‰ to +0.85‰ (Weyer et al., 2008; Andersen et al., 2014; Holmden et al., 2015; Stirling et al., 2015; Tissot and Dauphas, 2015; Rolison et al., 2017) . +0.7‰ is chosen as the average U isotope fractionation between the anoxic sediment and seawater for our baseline model. For modern oxic settings, oxic U sinks include marine carbonates, metallic deposits (Fe-Mn crust), oceanic crust alteration, pelagic clay, and coastal retention. The average U isotope fractionation from modern oxic sediments is -0.043‰, modified after Wang et al. (2016) , where U isotope fractionation between seawater and marine carbonate is considered to be 0‰ (Anderson et al., 2017) .
Baseline parameters used in the mass balance model are shown in Table DR2 . Sensitivity analyses of changing U isotope fractionation between seawater and anoxic/suboxic sediments are shown in Fig. DR4 Hastings et al. 1996 A Total seafloor area 3.61 × 1016 dm2 Barnes and Cochran, 1990 A AOx modern anoxic seafloor area 0.35 % Veeh, 1968 A SOx modern suboxic seafloor area 6.00 % Dunk et al. 2002 A Ox modern anoxic seafloor area 93.65 % Balance τ residence time of uranium in the ocean 400
